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We have extended the work on thymosin 
production in Aspergillus by constructing 
an expression vector in which the cDNA 
encoding bovine prochymosin B was 
fused in frame immediately following the 
codon for the last amino acid of the A- 
awamori giucoamylase (glaA) gene. Trans- 
formation of A. awamori with this plasmid 
led to the secretion of considerably higher 
amounts of chymosin than obtained with 
previous chymosin expression vectors. 
We present evidence that mature chymo- 
sin is autocatalytically released from the 
glucoamylase-chymosin fusion protein af- 
ter secretion. 

Bovine chvroosm Is an aspartyj protege extracted 
from the aborrutfum of unwearied calve* and 
used as a milk clotdug agent in cbecsc manufac- 
ture- The protein is initially synthesized as pre- 
pTochvmosm from which a 16 residue secretion signal 
removed at secretion, At low pH the inactive prochymostn 
is processed to acxive chymosin by proteolytic removal of 
the propeptide 1 . There are two positions, in the prosc- 
quence at which cleavage can occur and these two mecha- 
nisms can operate indeperidendy*-*- Processing at pH 2 
occur* between residues 27 and 28 in the proseqnence to 
vieid active pseo dochymosin and involves an intramolecu- 
lar reaction between zymogen molecules. At pH 4.5 
cleavage is autocatalvtk and occurs after the 42nd residue 
oF the proscquence to yield mature thymosin. Pseudochy- 
mosin i* fairly stable at a pH below 3 or above G bur is 
further processed to mattire chymosin at pH 4.j. 

Members of the genus AspdgUtw have received consid- 
erable interest recently a& the hosts for heterologous gene 
expression and foreign protein producriOJi"^. The ap- 
proach to this problem has generally been to "nli« the 
promoter region from a highly expressed filamentous 
fungal gene and a secretion signal peptide fused to the 
coding sequence of the heterologous gene of choice, with 
one notable exception* this strategy has led to low levels 
(1-10 mg/l) of secreted product. 

The flaA gene encodes glucoamvJasc and is highly 
expressed in many strains of Ajjfergtfui* nigcr and Asp*rpl>- 
lusher var- esuamvri (A. a-aiavwti). The gene has been 
cloned and an 13 amino acid secretion signal and a G 
residue propeptide were recogni/.ed l, -'°. In addition. U 
v.-as deduced that the two forms of the secreted protein, 
differing in molecular weight, were the products ot a 
*in*l«, di/Tereniiall^ .ipliccd gene. The promoter and 
secretion signal sequence of the rloA gene have been used 
in several attempts at heterologous gene expression in 
AspergM 1 ^ including previous attempts to produce ho- 
vine chymosin in AspargUlw nidulavs and A. awaKon 4 - 11 -". 



In the latter experiments a variety oJ; eoottrucw were 
made, incorporating prochymosin cDNA, either ihe g!u- 
coamylase or the chymosin secretion signal and. in one 
case, the first 1 1 codons of mature glucoamylase. Maxi- 
mum yields of secreted chympsin obtained Irom A. 
mori were below 15 mg/l in 50 ml shake flasV cultures. In 
summary* these previous studies suggested that integrat- 
ed plasmid copy number did not correlate with chymosin 
vields, abundant polyadenylated chymosin mRNA was 
produced, and intracellular levels of chymosin were high 
in some transformants regardless of the source of secre- 
tion signal. It was inferred that transcription was not a 
limiting factor in chvmosin production but that secretion 
may have been inemacnL It was also evident that die 
addition of a small amino terminal segment of glucoaxn- 
ylase to the propeptide of pixvchymosin did not prevent 
activation to mature chymosin. 

Here we have extended the work on chymosin produc- 
tion in Aspergillus bv constructing an expression vector 
(pOAMpR) in which' the cDNA encoding bovine prochy- 
nu>sin B was fused in frame immediately following the 
codon for the last am'uio acid of the A. atoattion ginA gene. 
Transformation of A. azcaniori with this plasmid led to the 
secretion of considerably higher amounts of chymosin 
than obtained with previous chymosin expression vectors. 
We present evidence which suggests that mature chymo- 
sin is autocatalytically released from the ghicoaroyhve- 
cb> mosin fusion protein after secretion. 

Prochymosin cDNA has been expressed in other mi- 
crobes, including Escherichia coii, Sacchtxrvmyctts «7*wsww 
and YzTTtmiic. Itpoiytica. In several instance* prochymosin 
was synthesized with an amino terminal extension consist- 
ing of a segment of a native protein from the host 
concerned. In E. coli prochymosin, with the first four 
amino add residues replaced by an amino-urminal frag- 
ment of the ttpE gene, lias been produced under the 
control of the bp promoter 1 *. The fusion protein accumu- 
lated as inclusion bodies in the cytoplasm but after appro- 
priate extraction conditions k could be actu ated to yield 
mature chvmosin. Moir et aL" described intracellular 
production of prochymosin in $. ctrevisiac. The protein 
was svwhesixed with various segments of phosphogly cer- 
ate kinase, triosephosphate isomerase or gataetq kinase 
aitached to the amino terminus, allowing increased pro- 
duction compared to direct expression from the same 
promoters. It was suggested dial ihe increase in produc- 
tion was due to more efficient translation of the mRNA. 
Secretion of prochymosin, in the l'*>xm of a fusion with the 
first few residues ol invertase or alpha factor, was also 
obtained from 5. ceretafiae 1 '-The extracellular pix>chy mo- 
sin was readily activated at low pH to give mature thymo- 
sin despite the additional amino acids on the prosequencr. 
Similarly, activa table prochymosin was secreted troin r. 
Upplytua with eichcr H or 00 residues of native alkaline 
extracellular protease attached u> die amino terminus 15 - 
Tliere arc numerous examples of the prodticrion ol 
heterologous proteins in £. coU as fusions with an entire 
native protein 1 * The rationale bphind expression in this 
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